We present a 55-year-old male, with good performance status who was diagnosed with a case of metastatic renal cell carcinoma following a pathologic femur fracture. Despite good performance status, multifocal metastases and poor-prognostic features portended a grim prognosis with predicted overall survival of less than nine months. On initial presentation, he was excluded from cytoreductive nephrectomy based on brain metastasis and interleukin-2 was not pursued as the primary tumor was to be left in situ. The patient was reconsidered for cytoreductive nephrectomy after sustained response to fifth line targeted therapies with shrinkage of tumor burden. The post-operative course was uneventful and the patient was discharged home on postoperative day one. Temsirolimus was resumed one week after surgery and the patient reported returning to his normal activities at the two week follow-up visit. We highlight important clinical features of metastatic renal cell carcinoma, 
ily history included a father alive at age 90, a mother deceased at age 73 from lung cancer and 4 brothers and 3 sisters who were healthy. The patient was employed as a transit conductor for the municipal authority and was never married with no children. He denied smoking history and was a distance runner who had completed 49 marathons.
On examination, heart rate was 90 and blood pressure was 125/75 mmHg. He was 173 cm tall and weighed 77 kg with a body mass index of 25.8. He was comfortable and pleasant. There was no supraclavicular lymphadenopathy and the abdomen was soft with vague left upper quadrant fullness. There was no costovertebral angle tenderness. The testes were symmetric without masses and there was a visible left varicocele. The right femur incision was healing well with no lower extremity edema. Laboratory values included hemoglobin 14.9 g/dl, hematocrit 45.1%, platelets 464 × 10 9 /l, blood urea nitrogen 21 mg/dl and creatinine 1.18 mg/ dl. Calcium was elevated to 11.8 mg/dl and alkaline phosphatase level was 586 u/l. Due to multifocal, metastatic diseases including central nervous system involvement, the patient was excluded from cytoreductive nephrectomy and referred to medical oncology for systemic therapy. He was also referred for neurosurgical evaluation and continued care by the orthopedic service.
In January of 2012 the patient began systemic treatment with Sunitinib. He received 3,000 cGy of palliative radiation to the right thigh and targeted stereotactic radiosurgery (SRS) of the brain lesion. He was offered standard whole brain radiation therapy to prevent future lesions but declined due to concerns about side effects. Restaging CT in March showed new pulmonary nodules 1C ) and pulmonary emboli and a right lower extremity deep venous thrombosis was diagnosed. Repeat brain imaging showed a new 5mm right occipital lesion. In April, the patient began second-line therapy with Everolimus and another SRS procedure to the brain. In June, progressive lung metastases were noted and third-line Axitinib was started. Additional new brain lesions were noted and the patient underwent SRS procedures in December 2012 and March 2013. A partial response in extra central nervous system (CNS) disease from Axitinib lasted for one year until CT in July showed further disease progression. Fourth-line Bevacizumab began in August 2013. An additional SRS procedure was performed in September. Repeat CT in October showed disease progression and the patient was started on fifth-line Pazopanib. The patient underwent SRS in November for a small brain lesion and bland interventional embolization of the right femur lesion in December. Additional SRS for small brain metastases were performed in January, March and April of 2014. A partial response in extra CNS disease following Pazopanib lasted for 7 months and he was started on sixth-line Temsirolimus in April. CT scan in June showed regression of tumor with continued disease control evident on imaging in October. He underwent SRS of 2 new brain lesions that month. Based on sustained response to therapy with shrinkage of tumor burden, the patient was reconsidered for cytoreductive nephrectomy (table 1) .
The patient was re-evaluated by the urologic oncology service in November 2014, 3 years after initial presentation. He reported independence in activities of daily living and denied constitutional or neurologic symptoms. He walked with a cane. He had a pulse of 86 and blood pressure of 150/84 mmHg. The abdomen was soft and non-tender. There was no palpable adenopathy and no lower extremity edema. The most recent CT was reviewed with significant regression of the primary tumor and regional adenopathy ( fig.   2B ). Given sustained response to therapy and good performance status, the patient was now deemed a candidate for cytoreductive nephrectomy and the mass appeared amenable to a laparoscopic approach.
Following preoperative embolization of the left renal artery and an accessory lower pole vessel, laparoscopic nephrectomy was performed. The mass was adherent at the superior-medial border ( fig. 3A ) with significant fibrotic reaction around the hilum. The main artery and lower pole vessel were both identified and controlled with Endo GIA TM stapler and Weck Hem-o-lock ® clips, respectively, and complete hemostasis was assured with bipolar cautery and 3-0 vicryl suture ligatures ( fig. 3B ). A small portion of the adrenal gland was resected with the kidney. Operative time was 3 hours and 55 minutes with 600 ml of estimated blood loss. The patient remained hemodynamically stable and did not require blood products.
On pathologic examination the specimen measured 22.5 × 11.5 × 7.8 cm and weighed 940 g. Cut section revealed a poorly circumscribed 7.0 × 6.5 cm mass in the mid-kidney. The cut surface was tan-yellow with a nodular appearance with focal hemorrhage. Tumor was bulging the capsule into the perinephric fat. There was no renal vein invasion. The identified portion of adrenal gland was not involved with tumor. On histological examination, the tissue was consistent with Fuhrman grade 3 clear cell renal cell carcinoma with extensive infarct (fig. 4 ). There was embolization material noted in blood vessels.
The post-operative course was uneventful and the patient was discharged home on post-operative day one. Temsirolimus was resumed one week after surgery and the patient reported returning to his normal activities at the two week follow-up visit. The abdomen was soft with healing trocar and retrieval sites. An inferior vena cava filter was in place without lower extremity edema. Cytoreductive Nephrectomy after Targeted Therapy
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Pathology results were reviewed and continued medical oncology management was advised. The patient was seen by medical oncology in March 2015 with no clinical complaints. He reported a good appetite and denied neurologic symptoms. ECOG performance status was 1.
On physical examination, pulse was 80/min and blood pressure was 133/74 mmHg. His weight was 82 kg with a body mass index of 27.7. There was a pronounced rash on the face and chest. His abdomen was soft and non-tender with well-healed surgical port sites. The right hip incision was well healed and the right thigh was non-tender. There were no focal neurologic deficits. Hemoglobin was 9.5 g/dl, creatinine was 1.3 mg/dl, albumin was 3.3 g/dl and alkaline phosphatase was 105 u/l. Recent magnetic resonance imaging of the thigh and CT of the chest, abdomen and pelvis showed stable disease ( fig. 2C ). Overall disease burden was well controlled and the patient was continued on Temsiroliumus. Pruritis was managed with diphenhydramine and his rash was not bothersome. The inferior vena cava filter remained in place without lower extremity edema. Denosumab and calcium were continued in light of bone metastasis.
Discussion
We present a 55-year-old male diagnosed with metastatic renal cell carcinoma following a pathologic femur fracture. Despite good performance status, multifocal metastases and poor-prognostic features portended a grim prognosis with predicted overall survival of less than nine months [1] . He was excluded from cytoreductive nephrectomy based on brain metastasis and interleukin-2 was not pursued as the primary tumor was to be left in situ. The higher disease control rate and better side effect profile of targeted therapy made it the preferable first-line approach.
Inhibition of the vascular-endothelial growth factor (VEGF) pathway can be accomplished by either blocking the binding of VEGF to its receptor or by inhibiting intracellular tyrosine kinase domain of the VEGF recep- Schulman/Fakhoury/Wuilleumier/Becker/ Donahue/Huang/Butler/Goodman/Teper/ Silver tor using small molecules such as Sunitinib have become the primary therapies for patients with advanced renal cell carcinoma [22] . At his initial presentation, available trials showed a benefit of targeted therapy compared to interferon but limited comparisons between agents and no data on optimal sequencing. The standard approach in treatment naïve patients was to start with either Sunitinib or Pazopinib. Less commonly used agents were Bevacizumab and interferon inpatients with good to intermediate prognosis disease. Temsirolimus was the treatment of choice in poor prognostic or non-clear cell histology [2, 3] . In retrospect, Temsirolimus may have been a better first line agent in this poor prognostic patient, but recent data showed first line Sunitinib followed by Everolimus to be preferable to the reverse order, even in poor prognostic patients [4] . When the patient progressed in April 2012, Everolimus and Axitinib were both approved as second-line therapy. The common practice was to switch drug classes if there had not been a good response to firstline tyrosine kinase inhibitor (TKI) thus he was started on second-line Everolimus. Since that time, there is evidence that TKI followed by TKI may be superior to TKI followed by mammalian target of Rapamycin inhibitor [5] . When second-line treatment failed, there was limited evidence to support any particular agent for third-line therapy. In this strong-willed patient with good performance status, we believed all available treatment should be offered and in fact hospice was briefly discussed before the initiation of Temsirolimus but he refused.
Rather than defining a uniform algorithm for all patients, an individualized approach will likely guide systemic therapy in the future. Advancements in genome sequencing and identifying relevant mutations in specific tumors will identify those most likely to benefit from particular agents [6, 7] . Furthermore, promising results with newer immunotherapies such as the anti-PD-1 antibody Nivolumab offer an emerging approach to therapy with significant growth in this class likely in the future [8] . We plan to offer Nivolumab if this patient progresses on Temsirolimus. The role of cytoreductive nephrectomy in the setting of metastatic disease is evolving.
In the era of immunotherapy, upfront cytoreductive nephrectomy conferred a 6-month survival advantage [9] . Despite the controversy regarding candidacy cytoreduction, classic qualifying criteria include clear cell histology, no CNS, bone or liver metastasis, good performance status and greater than 75% tumor debulking [10] . Preliminary retrospective studies support a benefit of surgery combined with targeted therapy and the prospective CARMENA trial will more clearly define the impact [11, 12] . Recent studies suggest that overall tumor burden or specific sites of metastatic disease are not necessarily exclusion criteria for cytoreduction [1, 13] . The appropriate timing of cytoreductive nephrectomy also remains under investigation. Early nephrectomy is beneficial if hemorrhage limits the delivery of systemic therapy and for symptom palliation. In addition, early surgery avoids operating in the poor healing environment associated with targeted therapy [14] . But there are several persuasive arguments in favor of delaying nephrectomy. A trial of neoadjuvant systemic therapy avoids the associated risks of surgery in progressors who derive little benefit from debulking. As noted in this case, a large primary tumor may be downsized with a reduction in hilar adenopathy facilitating a laparoscopic approach. The patient thus benefited from a decreased wound burden, earlier convalescence and short interval off of systemic therapy. Due to the recent overall improvement in robotic/laparoscopic surgery in urology over the past two decades, the historic morbidity related to cytoreductive reported in the literature now seems to be inconsistent and outdated. The decision to not perform a retroperitoneal lymph node dissection is this patient was mostly due to the lack of information and therapeutic benefit it would have added to this patient's overall cancer specific survival with additional unnecessary morbidity.
From a diagnostic perspective, the primary tumor may offer radiographic insight into the response to systemic therapy [15] . While EORTC 30073 will provide prospective evidence regarding cytoreductive nephrectomy after 3 cycles of Sunitinib, there is scant literature on nephrectomy after several years of targeted therapy [16] . Though our patient was excluded from nephrectomy at initial presentation, there was multi-disciplinary consensus that extended survival, continued response to therapy and good performance status ultimately made him a candidate for surgery. There was preoperative concern about fibrosis and adenopathy around the hilum thus preoperative angiographic embolization was performed. In 279 cytoreductive nephrectomies in the United Kingdom in 2012, 111 were performed laparoscopically with 16 requiring open conversion. Laparoscopic cases had a lower rate of blood transfusion. Of note, 40 patients received preoperative TKIs with no impact on complications [17] . The presence of brain metastasis also deserves rethinking as targeted therapies are extending survival and perhaps even decreasing the incidence [18] .
Although whole brain radiotherapy (WBRT) remains a standard treatment and is thought to prevent the development of lesions, technological advances in SRS and Curr Urol 2015;9:202-208
Cytoreductive Nephrectomy after Targeted Therapy 207 concerns over adverse neurocognitive effects of WBRT have impacted treatment decisions. Recent guidelines reflect the complexity of the choices [19, 20] . In general, the use of SRS alone to avoid WBRT has been used in patients with up to 4 metastatic lesions; however, recent data suggests improved survival in up to 10 lesions [21] . Given the minimal morbidity of SRS, many practitioners and patients consider repetitive procedures an acceptable trade-off to avoid WBRT-associated side effects. In this case, WBRT was offered but declined by the patient. After 10 procedures, he is free of radiographic disease with no neurologic deficits.
This case report describes a successful case who underwent multi-modal therapy including the sequential targeted therapy and repetitive stereotactic radiation therapies followed by deferred cytoreductive nephrectomy. Our patient presented with diffuse metastatic disease with a poor prognosis. This case report describes that we should not give up the treatment of the patients with multiple metastastic renal cell cancer. We used various targeted agents sequentially and we should treat brain metastases by repetitive stereotactic radiation therapies. Systemic therapy was changed swiftly in the face of progression while brain lesions were focally eradicated with preservation of neurologic function. If these treatments are effective, occasionally the patient can undergo deferred cytoreductive nephrectomy. Cytoreductive nephrectomy was delayed until meaningful response was demonstrated and performed laparoscopically with early recovery and minimal time off systemic therapy. As we further optimize systemic therapy and adjunctive treatments to specific sites of disease, we will continue to extend the quality and quantity of life of patients with renal cell carcinoma.
